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I. INTRODUCTION
Admitting the role of ICT in today's education, not only has generated an explosion of learning, where "the demand for knowledge becomes a key factor in determining prosperity, security and quality of life by using those media that allow rapid exchange of information" [1] , but also requires a need for clarity and vision concerning its dynamic evolution as a mediation for learning.
Along with the concerns for the effects that ICT may have in general on education, stands the question if these new opportunities actually meet the interest and motivation of today's college students. In fact, their identity is partly defined by the books they read, but mainly by the television programs they watch and the multimedia hypertexts they consult on the Internet every day.
II. CONCEPTUAL FRAME

A. Learning styles:
The studies carried out to establish a duly documented basis for the concept of learning styles began in the seventies. By then, the writings of Rita and Kenneth Dunn, and those of David Kolb, had been published in 1972 and 1971 respectively [2] . These early publications led to further research on the subject, with different proposals on the concept on learning styles, based on other scientific methods. This is how theories and definitions on learning styles became stronger. Dunn had stated that "The styles of learning are the ways in which each person absorbs and retains information and skills; regardless of how that process is described, it is dramatically different for each person." [3] Let us observe in this statement by Dunn, that by that time there already existed a number of possibilities that would appear with the development of the various concepts on the styles of learning. With time, these would become the theories we know today.
For Kolb, whose theory has been acknowledged as one of the forerunners of all subsequent postulates on styles, learning was a circular process; the product of a series of experiences with cognitive factors, such as concrete experiences, reflection and observation, abstract concepts, generalizations, and active experimentation [4] .
Honey and Mumford (1986) would extend David Kolb's theory towards a more psychological perspective, by proposing an initial classification of learning styles, basically: the active, the reflective, the theoretical and the pragmatic. The active would be the individual that learns in a dynamic way, the reflective one who does so in a creative way, the pragmatic in a rational way, and the theoretical in an analytical way [4] .
Shortly after, for [5] , learning styles would be defined as departing from a cognitive basis, in a mainly educational field of application: "learning styles are cognitive, affective, and psychological traits that serve as indicators to establish the way in which a student perceives, interacts with, and responds to, the learning environment. This is revealed in the way an individual behaves and performs in a learning experience."
It is clear that for this and later authors, a learning style implies a number of factors related to internal and external processes originated in the personality, which involves the neurobiological conditions of the individual and his/her development, in a permanent manifestation of inherited traits mixed with the influence exerted by the environment.
EFFECTS OF A CENTERED VIRTUAL TEACHING ENVIRONMENT ON LEARNING STYLES IN THE ACADEMIC PERFORMANCE OF COLLEGE STUDENTS
The application of new research findings generate more elaborate classifications of styles, gathering samples of students from all academic levels (elementary, secondary and high school, technical, and college) in order to new ways of teaching-learning (virtual education and use of the Web), or of simply improving the quality of learning a second language or pursuing a specific career (engineering, mathematics, communications.)
B. Adaptive hypermedia
Learning adaptive hypermedia systems are softwares that can design information for users according to a detailed model of individual objectives, interests, and preferences [6] . Basically, there are two large types of hypermedia adaptation: adaptive presentation and adaptive navigation support [7] . Adaptive presentation refers to adaptation within the contents of learning, starting from the user's needs and abilities. "The idea behind adaptive presentation is to personalize the course contents according to the specific characteristics of the students, generating new user models." (British Journal of Educational Technology, 2003.) As to adaptive navigation support, is that which is present at navigation structure levels.
Educational hypermedia systems have existed for more than two decades, modeling students' learning styles. The system developed by Carver [8] is based on the FelderSilverman model to design course components, hypertexts, clips, multimedia, and so on. Depending on the student's style of learning, the system presents a list of course components with links that users can explore by clicking on them [9] .
In presenting the material for a course, the Arthur system [10] uses four styles of learning: auditive, visual, kinesthetic, and a combination of the three. When a student enters the system for the first time, course contents are presented at random; then, the system monitors the student's learning process and makes a detailed evaluation in order to determine the student's learning style (auditive, visual, kinesthetic, or a combination of the three.) Depending on the learning style the system provides the appropriate contents [9] .
Another system, the Adaptive Courseware Environment -ACE- [11] provides certain mechanisms adapted to the learning styles of the students. When exploring a new course, the student has to answer a number of questions about his learning strategies --for example, if he learns better through readings, through activities, or through examples. Based on the student's learning style models, the server submits the appropriate learning units and generates hypermedia documents for that specific student. Following each of the general principles of the educational theory on learning styles, the server is capable of classifying the learning units according to each student's preferred style.
III. PROBLEMS AND OBJECTIVES
Many of the systems developed have different ways of gathering information on the learning styles of students, from interviews and questionnaires to monitoring student's behavior. However, an important point to keep in mind is that the analysis of the students' learning styles must be carried out with the use of specialized psychological tests and not with mere interviews [12] .
Present investigations have focused on the analysis of the variations in motivation, metacognition, styles of learning, cognitive styles, and other variables within the academic models considered as determinant factors in student performance. More recently, evidence has shown that presenting information in different ways leads to a more effective instruction [13] . In order to respond to these requirements, several systems have been developed, such as the 3DE (Design, Development and Delivery Electronic Environment for Educational Multimedia), which has the purpose of creating, either in an automatic or a guided way, courses adapted to each student's learning style. This initiative was considered in the V Frame Program of the European Union, with the participation of COREP (Turin Polytechnic), ARDEMI (France), STI (Spain), and Vaasa Polytechnic (Finland.) There is also the adaptive intelligent tutoring system, that considers the (MAS-PLANG) learning styles; it uses the FSLSM Model [14] , [22] to categorize students according to their ability to process, perceive, receive, organize and understand information, and offers didactic contents, navigation tools and navigation strategies adapted to the characteristics of these learning styles by using intelligent agents.
Each of these systems becomes an alternative to generate virtual teaching-learning environments that consider each student's way of learning. However, careful investigation is required to estimate the real impact on the students' learning processes.
The investigation oriented to determine the influence that a virtual learning model focused on the styles of learning exerts on the academic performance of college students, opens the door to a broader outlook of the conditions that the teaching-learning processes should have in an institution that is interested in enhancing its formative processes through the use of new technologies.
Virtual teaching and learning, as considered in this project, will permit teachers and students to interact with those tools that have become habitual to their activities, and to appropriate them with a critical eye.
The main objective of this study was to determine the influence that a virtual learning model, focused on the styles of learning, exerts on the academic performance of college students.
The specific objectives were to determine the levels of cognitive appropriation as well as the differences in academic performance, depending on the learning styles and the levels of intrinsic motivation of the college students that took part in a virtual learning model centered on different learning styles.
IV. METHODOLOGY
The investigation was defined on the quantitative paradigm of analytical character. Being coherent with this paradigm, we used a quasi-experimental design in order to estimate the effects of treatment variables within an educational context, where aleatorization of the units/subjects is not always possible and the effective control of explication alternative sources is difficult [15] ,
The experimental group was conformed by 9 th semester male and female students enrolled in different engineering programs. Seventy-five students took the course called "Cleaner Production", designed as a virtual course.
EFFECTS OF A CENTERED VIRTUAL TEACHING ENVIRONMENT ON LEARNING STYLES IN THE ACADEMIC PERFORMANCE OF COLLEGE STUDENTS
At the moment of starting the investigation, we worked with the ninth semester's natural group; in other words, with the entire population; therefore, we used an intentional, non-probabilistic sampling. All the students took part under experimental conditions, but not all of them became the object of analysis. The sample used for analysis was conformed by the 48 students with the most clearly defined styles.
The instrument used for the evaluation of the learning styles was the Felder-Silverman Learning Styles Questionnaire [14] . This questionnaire has been widely validated in different countries with different types of student populations.
In order to evaluate motivation towards learning we used the MAPE-II Scale: Motivation for Learning and Performance [16] . It is a questionnaire based on the Dweck-Elliot theory [17] of six scales with proven, highly acceptable coefficients of internal consistency. The consistency of the superior order scales is the largest. These scales are: capacity of work and performance (15 items), intrinsic motivation (16 items), ambition (13 items), inhibitory performance anxiety (12 items), facilitating performance anxiety (12 items), and vagrancy (12 items.) For the analysis in this project we used the results of the intrinsic motivation scale.
We used the following instruments for the evaluation of academic performance:
Specific test on knowledge: based on the themes of the course "Cleaner Production." The objective was evaluation, before and after the virtual learning experience. There was a specific test on knowledge for each unit, built on psychometric criteria established for this purpose.
Guide for the valoration of motivation and interaction with units: a qualitative guide prepared in order to obtain information on the motivation each student had during the process of interaction with the model.
Rubrics for the valoration of cognitive processes: designed in order to determine the levels of the students' cognitive appropriation in the units studied. The evaluation on cognitive processes and valoration levels was assigned to expert judges who were in the cognition and education research group. The cognitive processes evaluated were: knowledge, analysis, synthesis, application, and valoration.
Having chosen the instruments, we proceeded to determine the learning styles of the students that would take part in the study. With these results, we designed the objects of learning, centered on the factors with higher tendency and their combinations. In this case the Visual, Sensitive-Visual, and Active-Visual.
Then, we took units 6 and 7, and fragmented them in order to develop the learning objects, within the dimensions that had been established. For the design and development of the learning objectives we kept in mind the National Ministry of Education' criteria.
Taking this referent as basis, the working scheme of Unit 6 was developed as follows:
For the contents on the first subject, "Tools for the Implementation of a Cleaner Production System" we used Flash, a conceptual map accompanied by an explanation in audio, created for the users in the Visual group. This map made a graphic synthesis of the theme, with emphasis on the main concepts involved. The same conceptual map was presented to the Sensitive-Visual group, along with some examples of each of the concepts. Finally, the Active-Visual group received a map of ideas where each student had to put in order the concepts presented in a predetermined paragraph.
Then came the design of the materials for the contents of the subject "Definition of Main Environmental Tools", developed in the following formats: Echo-indicators = Presentation in Flash with audio. Environmental audits = Design of a mental map along with audio and links. Echodesigns and Echo-tags = Conceptual map along with audio. Environmental initial revision = Ecomapping, Ecobalances, MatrizMed scheme.
Here, the construction of the learning object started from a Flash platform, presenting a scheme that was accompanied by a guide in audio.
Each design was revised by the members of the research group and submitted for technical corrections (images, backgrounds, temporality, and so on.)
Then, we developed the learning activities of the module with the supervision of the corresponding instructor.
A. Implementation of the investigation process.
Having covered the steps for the conformation and formalization of the research team, the training of the teachers that applied the virtual model and the design of the teaching-learning virtual environment, as well as the object of the activities, we proceeded with the implementation of the virtual learning model focused on the styles of learning.
In order to do this we proceeded as follows: For the first unit chosen, we organized the study materials in such a way that students with a balanced learning style had access to a specific type of material, while those with a visual style had access to a different type of material. There was no possibility for students to consult both styles.
Then the students took a knowledge pre-test and a posttest on for the first unit given (Unit 6.)
Next, there were learning activities for all the students, with emphasis on the processes of analysis, synthesis, evaluation, application, and verification of knowledge.
For the second unit chosen, we organized the study materials in such a way that all the students had access to the different material presentation formats prepared for this unit.
Again, there was a knowledge pre-test and post-test for this second unit (Unit 7.) There were learning activities for all the students, with emphasis on the processes of analysis, synthesis, evaluation, application and verification of knowledge. These data were not used for comparison between the results of the units, since the contents of Unit 7 were different from those of Unit 6. However, they were considered for the unit analysis, and also to extend the possibility of finding navigation patterns and frequency of visits to the different learning objects. Figure 1 . Distribution of the styles obtained from the students sample groups V. RESULTS In this study we worked with the balanced and the visual groups.
To perform the statistical analysis was used SPSS for Windows, version 11.5.
In order to determine if such differences were meaningful between the two styles with regard to academic performance in Unit 6, we first applied the variation homogeneity test. Chart 1 shows that at a level of signification of 5%, the error variations in both population groups are identical. After completing the homogeneity requirement, we applied the variance analysis of one factor, the results of which are shown in Chart No. 2. Assuming signification level of 5%, the F obtained (5,081, p=0,031), indicates that the difference observed in the groups' average is significant, in this case in favor of the balanced learning style. The conclusion is that there are tests that indicate that the style of learning have some effect on the students' academic performance. This result supports Cantu's affirmation [18] , that the academic accomplishment of students, as expressed by their performance, exerts a positive influence on some, and a negative influence on others. In our concept, there is an important correlation between academic performance and the student's learning style.
In order to determine if there were differences in the performance of each of the evaluated cognitive processes between the learning style groups, we used the variation analysis of one factor again. In this case, only the two cognitive processes where differences were found are presented. The average of the balanced group (3, 294) in Cognitive process seems to be higher that that of the visual style (2, 565 .) The same happens with the average of the balanced style (3, 294) in relation to the visual style (2, 953) in the Analytical process.
To determine if such differences were significant, we first proceeded to apply the variation homogeneity test which, at a significance level of 5%, showed that the error variations of the groups at population level are identical.
After verification of the variance homogeneity, we carried out the analysis. For a determined significance level of 5%, the F obtained for the Cognitive process (5,435. P = 0.031), indicates that the difference observed in the groups' average is significant, in this case in favor of the balanced learning style. The same occurs with the Analytical process, whose F obtained for the same level of significance was 7,879 (p = 0,008.) The conclusion is that some tests can indicate that the learning style has some effect on student performance during the process.
In order to determine if there were significant differences of performance in students with different levels of motivation and different learning styles, we conformed two subgroups of the visual style, adding a dimension with some predominance other than the visual. Based on this criterion, the groups were: active-visual, sensitive-visual, and the balanced. For these subgroups, we established levels of intrinsic motivation (high-4, medium-3, and low=2) towards studying, conforming a design of Latin Square. The statistical instrument used to make a contrast of the corresponding hypothesis was the Univariant General Lineal Model or Univariant Analysis of Variance.
In the descriptive statistics of data we can observe that there do not seem to be differences between the learning style subgroups with a total mean of 3,308, 3,083, and 3,442, respectively. This is not the same in the case of the intrinsic motivation factor, whose total mean seems to be different, especially those pertaining to the first and third motivation levels (2,983 and 3,523 .) The Levene Test (F-,905, Sig=,527) indicates that the null hypothesis can be accepted. This means that assuming equal variance of error, the F test is valid and can be applied without restrictions.
After carrying out the inference test, we found that the model may explain a variance proportion beyond the expected by random effect. In this case, the null hypothesis is rejected for the motivation level (F=4,097, p<0.05), but accepted for style levels (F=1,872, p>0.05.) These results suggest that motivation levels have an effect on student academic performance, regardless of their learning styles.
These results support those found by [19] , who studied the learning styles of students taking courses on the web associated with their own learning style. They conclude that learning styles of students and their characteristics, do not have an effect on their achievements based on web learning. In other words, the authors conclude that students with different learning styles and previous knowledge, learned the same with web based courses, and EFFECTS OF A CENTERED VIRTUAL TEACHING ENVIRONMENT ON LEARNING STYLES IN THE ACADEMIC PERFORMANCE OF COLLEGE STUDENTS that the styles of learning did not affect student motivation or learning strategies. Those found in [20] support the same, concluding that learning styles in a web environment do not show significant differences between the groups when comparing their learning styles and achievements. In general, it seems that online student behavior is guided by intrinsic motives, rather than by the advantages that they would find in a traditional class. This indicates that the success of online students depends on other factors, apart from learning styles.
VI. CONCLUSIONS
In the first place we must state that the learning styles found in the sample have the same variability as in other studies carried out on this matter.
Since the groups belonged to engineering students, the results support such research as that of [21] , who have observed the preference of learning styles in students of various types of engineering and in students of electrical engineering technology and computer science. In these studies they have found that computer science students are inclined for the active, visual (in a high degree), and sequential styles. However, the styles preferred by both groups were definitely the active and sensitive, with important differences between the visual and sequential styles, which are similar to the results found in our study.
Concerning the relationship between styles of learning and academic performance, we found an important difference in favor of the balanced group, a result which is supported by those of [18] , for whom the interaction of the learning style exerts a positive influence in the academic performance of some students, and a negative influence on other students. For this author, there is an important correlation between academic performance and learning style. In this case, we also support the general concept that the balanced style shows a better performance than those with a strong predominance in some of the dimensions used, whether it is to perceive or process information.
Knowing the different learning styles is important and valuable, because they can give us clues in the design and planning of formation contexts, even to reach considerations as those here exposed, which may be of great value in any kind of educational sceneries through the Internet.
